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(54) Frequency reuse scheme for OFDM systems 



(57) The present invention relates to a cellular com- 
munication system for wireless telecommunication on 
the basis of an OFDM scheme, comprising a plurality of 
base stations B, whereby at least one base station B is 
allocated to each cell C of the communication system 
and whereby information communicated from said base 
stations comprises data parts and pilot parts. The 



present invention further relates to a method for operat- 
ing such a cellular communication system. The present 
invention is characterised in that the frequency reuse 
factor of the data parts is different from a frequency re- 
use factor of the pilot parts. Hereby, an optimisation be- 
tween high capacity and reliable and correct channel es- 
timation on the basis of the pilot parts can be achieved. 
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Description 

[0001] The present invention relates to a cellular communication system for wireless telecommunication on the basis 
of an orthogonal frequency division multiplex (OFDM) scheme and a method for operating such a cellular communi- 
5 cation system. 

[0002] A cellular communication system for wireless telecommunication is communicating information between base 
stations and mobile terminals on the basis of a cellular scheme, according to which the entire communication area of 
the communication system is divided into ceils. In most cellular communication systems, each cell has an allocated 
base station which communicates with respectively active mobile terminals within that cell. However, in some cellular 

io communication systems, more than one base station is allocated to each cell. Most present and future cellular wireless 
communication systems aim at a wireless communication with very high data rates. A typical wireless communication 
scheme providing a high data rate is an orthogonal frequency division multiplex (OFDM) system, in which the entire 
frequency band is subdivided into frequency sub-carriers, whereby respectively adjacent frequency subcarriers are 
orthogonal to each other. Hereby, wireless communication with a very high data rate can be achieved and a dynamic 

15 frequency allocation can be realised. 

[0003] In figure 3, a typical wireless cellular OFDM communication system is shown, which comprises a plurality of 
cells Z 1t Z 2 , Z 3 , ... and a plurality of base stations B, whereby each base station B is allocated to one of the cells Z v 
Z 2 , Z 3 , ... Each base station B within each cell communicates with the respective active mobile terminals within the cell 
area. In the wireless cellular OFDM system shown in figure 3, the frequency reuse factor is three, FRF=3, where the 

20 frequency reuse factor is relevant to the frequency reuse distance. (If the frequency reuse factor is increased, the 
frequency reuse distance is also increased, and vice versa, its definition is as fojlows; 



25 



FRF = , entire frequency band number ^ 

frequency band allocated to one cell 




[0004] The entire frequency band of the OFDM system is divided into three frequency subbands f1 , f2, f3. For ex- 
ample, each of the frequency subbands f1 , f2, f3 uses one third of the entire frequency band available in the OFDM 
system. Each cell Z.,, Z 2 , Z 3 , ... is divided into three sectors, whereby in each of the three sectors in each cell one of 
the frequency subbands f 1 , f2 or f3 is used. In other words, within one cell Z 1a Z 2 , Z 3 , ... each subband fi , f2, f3 is used, 
30 whereby each of the subbands is used within one of the three sectors of the cell (FRF=3). Hereby, the base station 
within one cell is located in the center of the cell and operates all three frequency subbands f 1 , f2 and f3. Alternatively, 
the base station could consist of three different parts, each part operating the respective frequency subband in the 
respective sector. In both cases directional antennas are used in the base station, so that, if the base station is located 
in the center of the cell, each of the sectors is operated by means of directed antennas so that e.g. the base station B 
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35 in the cell Z^ transmits information within the respective frequency subband only in one out of three directions. The 1^ 
allocation order of the frequency subbands to the respective sectors is so that adjacent sectors never have the same _ ^ 
allocated frequency subband. The wireless cellular OFDM system shown in figure 3 has e.g. cells with hexagonal 
shapes. Each hexagonal cell Z 1 , Zg, Z 3 , . . . is divided in three sectors, each sector having a different one of the frequency ^ 
subbands f1 , f2, f3 allocated thereto. Considering e.g. the mobile terminal M located in the frequency band f 1 sector ^ 

40 of cell . The frequency subband f 1 sector is, in the example shown in figure 3, the lowest sector in each of the cells. ^ 
Thus, the mobile terminal M is allocated to and communicates with the base station B of the cell Z 1 in the frequency 
subband f1, but, due to the antenna directivity, may also receive disturbing signals from the base stations B of the Q[ 
neighbouring cells Z 5 , Z 6 and Z 7 . These disturbing or interfering signals within the same frequency band f 1 from base I"* 
stations B of the neighbouring cells have negative effect on the communication performance and quality. Particularly IT 

45 for the channel estimation, interference from neighbouring cells is very negative. In wireless cellular OFDM systems, £" 
channel estimation is usually performed on the basis of pilot patterns. These pilot patterns are transmitted from a base £ 
station to the respectively active mobile terminal, which performs a channel estimation on the received pilot pattern. ~ 
In the presence of interference from neighbouring cells, the received pilot pattern is disturbed by interference and an 
accurate and correct channel estimation cannot be performed. 

so [0005] A wireless cellular OFDM system as shown in figure 3 is e.g. described in US 5 867 478. This document 
proposes a new scheme realising a frequency reuse factor of three for a coherent cellular wireless OFDM system. In 
the proposed system, a reliable channel estimation can be achieved by using orthogonal Walsh functions to alleviate 
the effect of co-channel interference, e.g. from neighbouring cells. Thereby, the information communicated between 
the base stations and the mobile terminals comprises data parts and pilot parts, whereby the pilot parts received by 

55 the mobile terminals are used for channel estimation. The entire information, i.e. data parts and pilot parts, are trans- 
mitted according to the three sector frequency reuse pattern shown in figure 3. Interference from neighbouring cells 
in respect of the pilot patterns is avoided by using Walsh coding for the pilot patterns and by increasing the cyclically 
extended guard interval to maintain the orthogonality of the pilot patterns in respect to the pilot patterns from the three 
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neighbouring cells, as e.g. cell Z 1 in respect of the three neighbouring cells Z 5 , Z 6 and Z 7 in figure 3. Thereby, the 
length of the pilot patterns may be variable, so that the ratio of the bandwidth allocated for pilot parts to the whole 
bandwidth allocated for both data part and pilot part may also be variable. However, the frequency reuse factor for pilot 
parts and data parts is the same. The data parts and the pilot parts are communicated in the same frequency subband 
s f 1 , f2 or f3 in each sector. Further, the wireless cellular OFDM system proposed in US 5 876 478 can only be used in 
an synchronous cellularsystem, in which each OFDM transmitter is synchronised to a reference, whereby the reference 
is derived from a common source. 

[0006] The object of the present invention is to provide a cellular communication system for wireless telecommuni- 
cation on the basis of an orthogonal frequency division multiplex (OFDM) scheme according to the preamble of claim 
10 1 and a method for operating such a cellular communication system according to the preamble of claim 5, which allow 
a more accurate and correct channel estimation for coherent data demodulation. 

[0007] The above object is achieved by a cellular communication system for wireless telecommunication on the basis 
of an OFDM scheme, comprising a plurality of base stations, whereby at least one base station is allocated to each 
cell of the communication system and whereby information transmitted and received from said base station comprises 
is data parts and pilot parts, characterised in, that a frequency reuse factor of the data parts is different from a frequency 
reuse factor of the pilot parts. 

[0008] The above object is further achieved by a method for operating a cellular communication system for wireless 
telecommunication on the basis of an OFDM scheme, whereby information communicated within the cells of the com- 
munication system comprises data parts and pilot parts, characterised in, that a frequency reuse factor of the data 
20 parts is different from a frequency reuse factor of the pilot parts. 

[0009] The present invention thus enables to freely choose and adapt the reuse factors of the data parts and the 
pilot parts independent from each other so that the transmission structure can be chosen to minimise interference from 
neighbouring cells so that a correct and accurate channel estimation can be performed. 

[001 0] Further, the cellular communication system and method for operating such a communication system according 
?5 to the present invention can be used in any wireless cellular OFDM system, i.e. synchronous as well as asynchronous 
communication systems without any restriction. An asynchronous system is a system in which no common source is 
used so that the entire cellular system can be built cheaper and has wider application areas as compared to a syn- 
chronous system. 

[0011] Advantageously, the frequency reuse factor of the data parts is smaller than the frequency reuse factor of the 
30 pilot parts. A high frequency reuse factor means a low data transmission capacity of the wireless communication system, 
but a very low interference between neighbouring cells. A low frequency reuse factor means a higher data transmission 
capacity, but also a higher interference between neighbouring cells. Hereby, the pilot parts are transmitted with a low 
data transmission capacity but also with a very low interference from neighbouring cells. Thus, a very accurate and 
correct channel estimation can be performed on the basis of these pilot patterns. On the other hand, the data patterns 
?5 are transmitted with a higher data capacity but with more interference than the pilot parts. 

[001 2] Further advantageously, the frequency reuse factor of the data parts is three and the frequency reuse factor 
of the pilot parts is nine. 

[0013] In the following description, the present invention is explained in more detail in relation to the enclosed draw- 
ings, in which 



figure 1 shows a cellular communication system according to the present invention with an example of a frequency 
reuse pattern for the data parts, 

figure 2 shows the cellular communication system of figure 1 with an example of a frequency reuse pattern for the 



figure 3 shows a known cellular communication system having the same frequency reuse pattern for data parts 
and pilot parts. 

[0014] Figure 1 shows a cellular communication system for wireless telecommunication on the basis of an OFDM 
scheme according to the present invention. The communication system comprises a plurality of base stations B : where- 
by at least one base station B is allocated to each cell C of the communication system. In the example shown in figure 
1 , a single base station B is allocated to each cell and the cells generally have a hexagonal shape so that each cell 
has six neighbours, e.g. the cell C 1 has six neighbouring cells C 2 , C 3 , C 7 . The information communicated between 
the base stations B and respectively active mobile terminals in each cell comprise data parts and pilot parts, whereby 
the pilot parts are used for channel estimation in the mobile terminals. The cellular communication system according 
to the present invention, an example of which is shown in figure 1 , is an orthogonal frequency division multiplex system, 
in which the entire frequency band is subdivided in frequency subcarriers, whereby respectively adjacent frequency 



40 



45 



pilot parts, and 



4 



BNSDOCIO: <EP • 



.1178641 A 1J_> 



EP1 178 641 A1 

subcarriers are orthogonal to each other. 

[0015] The example of the cellular communication system according to the present Invention shown in figure 1 ex- 
plains the frequency reuse pattern for the data parts communicated from the respective base stations B. Each cell C A , 
C 2 , C 3 , ... is divided into three sectors. The entire frequency band of the wireless cellular OFDM system is also divided 

5 into three subbands. In each of the sectors of each cell, a different one of the three subbands is used for the data 
communication. In the example shown in figure 1, the lower sector of each cell C 1( C 2 , C 3 , ... designated by d1 is 
allocated to a first frequency subband. The upper right sector 62 of each cell is allocated to a second frequency subband, 
and the upper left sector d3 of each cell is allocated to a third frequency subband. Adding the first, the second and the 
third frequency subband gives the entire frequency band used in the OFDM system. The example shown in figure 1 

10 only relates to the data parts transmitted from the base stations B. In other words, data parts exchanged between a 
base station B and a mobile terminal M in the first sector d1 of the cell C 1 are transmitted within the first frequency 
subband. Here, the frequency reuse pattern shown in figure 1 is only valid for the data parts. It has to be noted, that 
the frequency reuse pattern shown in figure 1 generally corresponds to the frequency reuse pattern shown in figure 3. 
However, the pattern shown in figure 1 only applies to the transmission of the data parts, whereby the pattern shown 

15 in figure 3 relates to the transmission of both the data parts and the pilot parts. 

[0016] A frequency reuse pattern for the pilot patterns according to the present invention is explained in relation to 
figure 2. Figure 2 shows the cellular wireless OFDM communication system of figure 1 with the frequency reuse pattern 
of the pilot parts. The general construction of the cells in the system corresponds to the one shown in figure 1 . However, 
in contrast to the transmission of the data parts, the pilot patterns are transmitted only within one of the three frequency 

20 subbands in an entire cell. For example, in the cell C-j, pilot patterns are only transmitted within the first frequency 
subbands denoted as P1 across all three sectors. All the adjacent cells C 2 , C 3 , C 7 use a respectively different 
frequency subband for the transmission of the pilot patterns. For example, adjacent cells C 3 , C 5 and C 7 use the second 
frequency subband for the transmission of the pilot parts and the other adjacent cells C 2 , C 4 and C 6 use the third 
frequency subband for the transmission of the pilot parts. The division of the entire frequency band for the pilot parts 

25 j s therefore the same as for the data parts. However, the frequency reuse pattern which defines the allocation of 
frequency subbands to the respective cells, is different for the data parts and for the pilot parts. For example, the base 
station of the cell C A transmits data parts of the first frequency subband in the lowest sector, data parts within the 
second frequency subband in the upper right sector and data parts within the third frequency subband in the upper left 
sector d3. However, the same base station B of the cell C 1 transmits pilot parts within the first frequency subband in 

30 all three sectors d1 , d2 and d3. Thus, interference in respect of the transmission of the pilot parts is significantly reduced, 
since between two cells having the same allocated frequency subband for the pilot parts, as e.g. cells C n and C 8 , are 
always at least one cell spaced apart from each other. In respect to the pilot patterns, the cells adjacent to the cell C-, 
only transmit the pilot parts and thus energy within the second and the third frequency subband. Thus, at least a low 
interference or even a interference free channel estimation can be performed on the basis of the pilot parts in each 

35 cell. Since for the transmission of the data parts each cell is divided into three sectors having different frequency 
subbands allocated thereto, the data transmission capacity of the system according to the present invention is higher 
than the pilot part transmission capacity. Thus, interference effects tend to be higher in respect to the transmission of 
the data parts than the pilot parts. However, a very reliable and accurate channel estimation for coherent OFDM de- 
modulation in a receiving terminal, such as mobile terminal M, is achieved. 

40 [0017] The example of a wireless cellular OFDM communication system according to the present invention shown 
in figures 1 and 2 has a frequency reuse factor of 3 for the data parts and a frequency reuse factor of 9 for the pilot 
parts. The frequency reuse factor depends on the number of frequency subbands into which the entire frequency band 
of the system is divided, and on how many of the frequency subbands are used within one cell. For example, for the 
data part frequency reuse pattern shown in figure 1 , the number of frequency subbands of the entire frequency band 

45 is three and the number of the frequency subbands used in each cell for the transmission of the data parts Is also 
three. The frequency reuse factor can than be calculated as FRF= 3. The frequency reuse pattern for the pilot parts 
of the same system shown in figure 2 corresponds to a frequency reuse factor of FRF= 9, since only one frequency 
subband is used within each cell. The chosen numbers of three and nine for the frequency reuse factors of the data 
parts and the pilot parts, respectively, are a mere example and any other number may be used depending on the 

so particular conditions of the system. However, for a wireless cellular OFDM system with a similar or the same cellular 
structure as shown in figures 1 and 2, these numbers are advantageous in view of the accurate and correct channel 
estimation on one side and the high data rate transmission on the other side. 
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Cellular communication system for wireless telecommunication on the basis of an orthogonal frequency division 
multiplex (OFDM) scheme, comprising a plurality of basestations (B), whereby at least one basestation (B) is 
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allocated to each cell (C) of the communication system and whereby information communicated from said bases- 
tation comprises data parts and pilot par 
characterized in, 

that a frequency reuse factor of the data parts is different from a frequency reuse factor of the pilot parts. 



2. Cellular communication system according to claim 1 , 
characterized in, 

that the frequency reuse factor of the data parts is smaller than the one of the pilot parts. 

10 3. Cellular communication system according to claim 1 or 2, 
characterized in, 

that the frequency reuse factor of the data parts is 3 and the one of the pilot parts is 9. 

4. Method for operating a cellular communication system for wireless telecommunication on the basis of an orthogonal 
*s frequency division multiplex (OFDM) scheme, whereby information communicated within the cells of the commu- 



nication system comprises data parts and pilot parts, 
characterized in, 

that a frequency reuse factor of the data parts is different from a frequency reuse factor of the pilot parts. 



^0 5. Method for operating a cellular communication system according to claim 4, 
characterized in, 

that the frequency reuse factor of the data parts is smaller than the one of the pilot parts. 
6. Method for operating a cellular communication system according to claim 4 or 5, 



that the frequency reuse factor of the data parts is 3 and the one of the pilot parts is 9. 
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the data symbols, which assigns respectively several sub- 
carriers (oc) and a segment (S...) of a frequency spectrum to 
the mobile stations, to form a connection between base station 
and mobile station. The quality of different segments of the 
frequency spectrum is measured through each mobile station. At 
least one preferred segment, suitable for its own connection, 
is determined through each mobile station, and a corresponding 
information is transmitted to the base station. The information 
received from the mobile stations is evaluated through the base 
station, and a segment for the respective connection is 
assigned to each mobile station, dependent on the evaluation. 
An information about the assigned segment is transmitted to 
each mobile station through the base station.; USE - In third 
generation mobile communications system, using Orthogonal 
Frequency Division Multiple Access. ADVANTAGE - Provides 
improved resource allocation. 
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